Moderate-severe pain after surgical procedures is associated with decreased quality of life and increased costs. this study aimed to identify the incidence and predictive factors of moderate-severe postoperative pain within 48 hours following video-assisted thoracoscopic surgery (VATS) in a tertiary hospital. A retrospective cohort analysis was performed using medical records of adult patients who underwent VATS between January 2015 and December 2016. Logistic regression was performed to identify predictive factors for moderate-severe pain (visual analogue scale, VAS ≥ 4) within 24 hours and within 48 hours postoperatively. Of the 1164 participants, the incidence of moderate-severe pain was 12.7% within the first 24 hours and 15.6% within the first 48 hours after surgery. In multivariable analysis, the independent risk factors related to moderate-severe pain within 24 hours after surgery were younger age, increased body mass index, preoperative pain within 1 month and history of smoking. The risk factors for moderate-severe acute pain within 48 hours were almost the same, except that the number of chest tubes were also included. Moderate-severe postoperative pain following VATS is not rare, and presence of several risk factors deserves more aggressive pain management strategies perioperatively.
underwent lobectomy, 108 (9.3%) patients underwent segmentectomy, 180 (15.5%) patients underwent wedge resection and 35 (3.0%) patients underwent bullectomy. The preoperative and intraoperative characteristics of 1164 participating patients are presented in Table 1 . Characteristics were compared between patients with or without moderate-severe pain within 24 hours postoperatively ( Table 1) .
The incidence of moderate-severe pain was 12.7% within the first 24 hours and 15.6% within the first 48 hours postoperatively. The average VAS was 4 (4-5) for patients with moderate-severe pain vs. 2 (1) (2) for patients without moderate-severe pain. Patients with moderate-severe pain pressed the PCA/PVB button significantly more frequently (3.3 ± 5.3 vs. 1.4 ± 2.4, P = 0.003), and required more morphine than patients without moderate-severe pain ( Table 1 ).
In the study population, ICNB combined with PCA was applied in 1095 patients (94.1%), while PVB combined with systemic analgesia was applied in 69 patients (5.9%) ( Table 2 ). Inadequate analgesia occurred in a comparable proportion of patients in the two analgesia regimen groups (P > 0.05, Table 2 ). In univariable analysis, development of moderate-severe postoperative pain within the postoperative 24 hours or 48 hours was associated with younger age, increased BMI, better education, preoperative pain within 1 month, lower ASA grade, subtypes of surgery, smoking history and number of chest tubes (Tables 3 and 4 ). Comorbidities and intraoperative variables were similar between patients with or without insufficient analgesia.
In multivariable analysis, the independent risk factors related to moderate-severe pain within 24 hours after surgery were younger age (OR, 0.96; 95% CI, 0.95 to 0.98, P < 0.001), increased BMI (OR, 1.10; 95% CI, 1.04 to 1.16, P = 0.001), preoperative existing pain within 1 month (OR, 1.55; 95% CI, 1.01 to 2.39, P = 0.044) and smoking history (OR, 1.86; 95% CI, 1.29 to 2.70, P = 0.001). As shown in Table 4 , the risk factors for moderate-severe acute pain within 48 hours were almost the same, except that the number of chest tubes (OR, 1.48; 95% CI, 1.06 to 2.10, P = 0.019) were also included ( Table 4 , Fig. 1 ).
In regards to early postoperative outcomes, occurrence of moderate-severe pain was not associated with increased incidence of nausea or vomiting. And postoperative hospital days were comparable between patients with or without adequate analgesia. However, moderate-severe acute pain lead to significantly lower patient satisfaction (50.5% vs. 90.6%, P < 0.001) ( Table 5) . 
Discussion
This large retrospective cohort study revealed that 15.6% of patients suffered from moderate-severe pain over 48 hours after VATS. Our findings indicate that patients with younger age, increased BMI, preoperative existing pain within 1 month, history of cigarette smoking, and increased number of chest tube placement had a statistically significant increased risk for pain following VATS. The presence of these risk factors should require more aggressive pain management strategies perioperatively. Acute pain following VATS is not rare because of multiple muscle incisions and irritation of the pleura with chest tubes. In this retrospective study of 1164 adult patients undergoing VATS, the prevalence of moderate-severe postoperative pain over 48 hours was 15.7%. This finding differs from the results obtained by Emine et al. 6 , who reported a higher incidence of pain (59%). This is mainly owing to different patient characteristics, diverse types of surgery performed and distinct follow-up periods.
Elevated BMI as well as preoperative existing pain have previously been reported to be associated with increased postoperative pain in different types of surgeries other than VATS 8, [13] [14] [15] [16] . Our study was the first to demonstrate that these associations also present in patients undergoing VATS and that patients with high BMI and pre-existing pain deserved additional care. A 1 kg/m 2 increase in BMI was associated with an increased risk of postoperative pain by 10% (OR, 1.10; 95% CI, 1.04 to 1.16), and the presence of preoperative pain increased the risk of pain by 55% (OR, 1.55; 95% CI, 1.01 to 2.39, P = 0.044). A possible explanation for the relationship of BMI to moderate-severe acute pain may be that high BMI is associated with development of postoperative www.nature.com/scientificreports www.nature.com/scientificreports/ complications, such as wound infection, contributing to frequent debridement, change of dressing and increased postoperative pain 17 . Besides, opioids such as sulfentanil as we used in this study were distributed at least as extensively in the excess body mass as in the lean tissues, therefore the same dose of opioids might be less effective in obese patients 18, 19 . Additionally, obesity and preoperative pain were both characterized by elevated proinflammatory cytokines and subclinical systemic inflammation, leading to decreased pain threshold 15, [20] [21] [22] . Further study is needed to elucidate the potential mechanisms behind our observations. Younger age is another consistent risk factor for moderate-severe pain following VATS, similar to a study including robotic-assisted thoracic surgery, VATS and open lobectomy 5 , but in contrast to a recent study reporting no age-related differences by limited sample size 6 . This finding could be explained by the fact that the old had higher pain threshold, more peripheral neuropathy and less scar with less stiffness, contributing to less pain. Besides, elderly patients showed increased sensitivity to perioperative opioids with pharmacokinetic and psychosocial mechanisms 23, 24 . More smokers underwent VATS compared with non-smokers, and it is therefore important to detect whether the increased risk for postoperative pain was smoking-related actually or if there was other explanations. And in VATS, the association between smoking history and postoperative pain was controversial 25, 26 . The multiple analysis of this study indicated that presence of previous history of smoking increased the risk of moderate-severe acute pain following VATS by 86% (OR, 1.86; 95% CI, 1.29 to 2.70, P = 0.001). The potential mechanism was that chronic nicotine exposure was associated with pain intolerance and mechanical hyperalgesia by elevating spinal dynorphin and cytokines in rats 27 . Chest tube placement contributes to postoperative pain, and early removal of chest tubes was recommended 28 .
Even though female sex was shown to be related to increased pain and narcotic use in various procedures, this was not seen in our cohort. Diabetes and educational level also did not have any association with pain either. Despite our expectations, there was no association between the analgesic methods and moderate-severe acute pain, which might be confounded by the severe imbalance of group distribution and variability in analgesia modalities of different anesthesiologists. Further studies comparing the efficiency and safety of different analgesia strategies in VATS should be undertaken in the future.
We did not find a significant association between moderate-severe pain and postoperative hospital days. This could be explained, at least in part, by the prolonged hospital days (8-9 days) in our institution. In most western studies, the hospital days after VATS are much shorter (1-4 days), and the pain level at days 1-2 may have had more influence on hospital stay if the average length of stay were shorter. Our data showed that occurrence of www.nature.com/scientificreports www.nature.com/scientificreports/ moderate-severe acute pain following VATS was negatively related to patients' satisfaction rate (90.6% vs. 50.5%, P < 0.001). So investigation of risk factors of postoperative pain is appealing. The independent factors in this study were simple and were confirmed in two models (pain within postoperative 24 hours and postoperative 48 hours) to be well correlated with risks of acute pain. Since patients with younger age, increased BMI, preoperative existing pain within 1 month, history of cigarette smoking, and increased number of chest tube placement have an extremely high risk, they deserve extra attention to perioperative pain management. Preoperatively, patient expectations should be set according to the anticipated pain intensity and postoperative analgesia protocol. Epidural analgesia and auxiliary analgesia methods should be considered, and sometimes consultation with a pain physician is necessary.
Several limitations are worth mentioning. First is the retrospective nature of this study. It is possible that confounding factors for pain could not obtained in our study, such as psychological variables. Some additional complexities to each case including different surgeons/anesthesiologists, distinctive incisions and variance of postoperative courses contributing differently to pain were not taken into account. And the anesthetics in this trial were not standardized, but followed routine practice. For example, at the end of surgery, three different kinds of analgesics were administered for different patients. Prospective studies controlling for these variables were recommended. Secondly, VAS is subjective and only the maximum score within 24 hours and 48 hours was recorded and analyzed, while the median of pain score was inaccessible during the study period. However, the VAS is used widely across institutions for pain assessment, and the patients were followed up by the same nurse during the study period. Besides, patient demographics and management varies from centers to centers, so our results should be drawn with caution.
In conclusion, moderate-severe acute pain occurred in 15.6% of adult patients undergoing VATS and was associated with patients' dissatisfaction. Younger age, increased BMI, preoperative existing pain within 1 month, Figure 1 . The incidence of moderate-severe acute pain after VATS in four different age groups (quartiles, A) and different body mass index (BMI) groups (quartiles, B). Age of the four quartile groups were ≤52, 53-60, 61-67 and ≥68 and pain significantly increased at age ≤52 years. BMI of the four quartile groups were ≤20.6, 20.7-22.5, 22.6-24.8 and ≥24.9 and pain significantly increased as BMI grew. Table 5 . Relationship between moderate-severe pain after VATS and postoperative outcomes.
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www.nature.com/scientificreports www.nature.com/scientificreports/ history of cigarette smoking, and increased number of chest tube placement were risk factors of postoperative pain. Gender and educational level did not appear to be associated with acute pain in patients undergoing VATS.
Methods
This single-center retrospective study was approved by institutional review board (IRB) of the Second Affiliated Hospital of Zhejiang University, School of Medicine. All methods were performed in accordance with the guidelines and regulations. The requirement for informed consent was waived by the IRB based on the retrospective nature of the study and the minimum intrusion on participants' privacy. All adult patients undergoing elective VATS for lung disease between January 2015 and December 2016 in our institution were identified. Excluded criteria was bilateral surgery, conversion to thoracotomy and another procedure performed at the same time.
In VATS procedures, rib retractors were not applied. Single-port VATS and multi-port VATS were selectively used decided by the attending surgeon according to patient's condition and personal preference. The maximum size of the utility incision was 1-4 centimeters routinely in our institution. Disposable drainage tubes with a diameter of 7.33 mm (F22, Mclean Medical Device Products Co., Ltd, Suzhou) were used at the end of surgery.
Anesthetic management followed the standard care at our institution. Anesthesia was induced and maintained with intravenous and inhalational anesthetics combined with sulfentanyl/remifentanil/fentanyl. Muscle relaxants were administered as indicated. Intraoperative opioids were converted to morphine so the dosages could be compared 11 . In addition to standard monitors, central venous catheter and an arterial catheter were placed. Bispectral index was monitored routinely. Postoperatively, patients were transferred to the postanesthesia care unit or intensive care unit as needed where they were continuously monitored. Postoperative care was standardized as per institutional routines.
Patients received either of the two analgesia regimens, continuous paravertebral block (PVB) by the surgeon under video-assisted vision combined with a single bolus of intravenous analgesic (such as pentazocine, dynastat or dezocine), or a single-shot intercostal nerve block (ICNB) by the surgeon combined with patient-controlled analgesia (PCA) with opioids. Continuous PVB protocol was 0.15-0.20% ropivacaine with a continuous dose of 5 mL and a bolus dose of 1 mL with a lock-out of 15 minutes. A single bolus of 15-20 mL ropivacaine were administered to make sure of the appropriate location of the catheter after placement at the end of surgery. ICNB was performed using 0.75% ropivacaine 10 mL under video-assisted vision. The PCA protocol was 0.1 mg of sulfentanyl diluted to 100 mL with a continuous dose of 0.03-0.05 mL•kg −1 •h −1 and a bolus dose of 0.02-0.03 mL•kg −1 •h −1 with a lock-out of 15 minutes. PCA/PVB pump was attached to the patient immediately after surgery and was stopped after 48 hours. If the analgesia was inadequate (visual analog scale, VAS ≥ 4) during the postoperative period, patients were recommended to press the PCA/PVB button. And if relief was not obtained, additional analgesics were given intravenously as rescue. All patients received tropisetron at the end of surgery to prevent postoperative nausea and vomiting, additional bolus was supplemented as needed.
Patients' demographic characteristics (age, gender, body mass index [BMI] and educational level), comorbidity (hypertension, diabetes mellitus and coronary artery disease), cigarette smoking history and American Society of Anesthesiologists (ASA) grade were retrospectively collected. If the patient has been smoking cigarette everyday for more than 1 year, no matter he quit smoking or not perioperatively, he was considered as having smoking history in this study. And preoperative pain experience within 1 month before surgery was collected from medical records. It was evaluated and recorded by the nurses in wards on the first day of admission in our institution, defined as continuous pain feeling lasting for more than 1 day during the past 1 month, no matter of the degree, location and character of the pain. Intraoperative characteristics included subtypes of surgery (single-port VATS or multi-port VATS), volume of fluid resuscitation, morphine consumption, surgery duration, anesthesia duration, pathological diagnosis and total number of chest tube placement. The postoperative days of chest tube in place were also recorded. In our institution, postoperative pain and related variables were followed up every day by a nurse at 24 and 48 hours after surgery. The most severe pain at rest since the last visit evaluated by VAS (0 = no pain, 10 = worst pain) and total dose of morphine requirement were recorded. The primary outcome was the incidence of moderate-severe pain (VAS ≥ 4) within 24 hours and within 48 hours postoperatively. Secondary outcomes included incidence of postoperative nausea and vomiting, postoperative hospital days and patient satisfaction. Patient satisfaction rate was defined by the incidence of the "extremely satisfactory" on a 5-point scale (1 = unsatisfactory, 5 = extremely satisfactory) as previously described 12 .
Data were reported as mean value ± standard deviation or median (interquartile range) for continuous variables, or percentages for categorical variables. Student t or Mann Whitney U test were performed for continuous variables and the Chi square test or Fisher's test was performed for categorical variables as appropriate. Independent risk factors were identified using a multivariable logistic regression model that include preoperative and intraoperative variables with P < 0.15 in univariable analysis and odds ratio (OR) and 95% confidence interval (CI) were calculated. All tests were performed using SPSS, version 22.0 (IBM, Armonk, NY), with P < 0.05 considered to be statistically significant.
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